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Introduct ion. 


The acowmlation of evidence in regard to the distribution 
of hookworm disease and the development é6f control measures have 
denanded more and more refined methods for the study of its dis- 
semineation. These methods are needed to increase our lmowledge 
of the aetiology of the diseaso, to determine what control measures 
are best suited for particuler localities and for evaluating the 
results of control work. The attempt to limit the spread of hook- 
worm disease is being conducted on a world-wide senle and the 
anount. of work to be done is overwhelming in comparison with the 
available resources, so the needed information must be obtained 
by the use of methods of the greatest possible simplicity and 
economy. 

Of the information needed for adequate hookworm control 
work, that which relates to the degree of human infestation is 
of great importence. Four methods have been used in attempts to 
obtein this information, viz., (1) physical examination to determine 
the clinical symptoms produced ty the heokworm, (2) haemaglobin 
determinations to estimate the degree of anemia, (3) the counting 
of the number of worms expelled after some stendardized treatment 
end (4) the 3 of the eggs in the stools of infested in- 
dividuels. The last two of these methods which are attempts to 
direotly measure the mmber of parasites present and their potential 
dissemination, will be considered in this paper. 
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A significent question in this connection is whether in 
preliminary surveys it is either necessary or practicable to 
measure accurately the amount of illness due to hookworms. It 
would certainly be desirable but it was found a very difficult 
end complicated task by the Uncinariasis Commission to the Orient 
(see Darling, Barber and Hacker, 1920) and few surveys have the 
facilities which were ot their disposal. In the control campeign 
which follows the preliminary survey the treatment of illness es 
such is incidental and does not involve the difficulties which 
beset measures for the prevention of the dissemination of hook- 
worms. These measures form the foundation of the campaign and 
should receive the major part of the effort. Accurate information 
in regerd to the factors concerned in the spread of the parasites 
is more readily obtained than is a measure of the illness due to 
hookworms. An inportent part of this information depends on 4 
knowledge of the degree of mman infestation. The worm counting 
method of Derling hes been utilized by Darling, Smillie end others 
in determining the degree of infestation by steting it in terms of 
worm index, viz., Re ee ee 
of the population. 

By the use of this technique importent information hes been 
secured on the relative value of different enthelminthics, (Darling, 
Barber and Hacker, 1920; Derling end Smillie, 1921; Caius and 
Uhasker, 1920-1922) on the distribution of the different species of 
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inumen hookworms (Darling, 1920), on the worm index of various 
population groups (Darling, 1922; Smillie, 1922 a) and on the 
evaluation of the results of control measures (Smillie, 1922 b). 
In addition these studies have edded a considerable body of in- 
formation on the aetiolocy of hookworm disease under tropical 
conditions. 

Diseussion of the Parl Worm Count ae 

The following description of the worm counting technique 
is given by Smillie (1922 b). 

“The worm count method wes thet of Derling ......In 
brief it consists in choosing = group of 25-30 people, representing 
all ages, both sexes, various occupations, etc., and giving then 
a massive dose of a vermifuge which removes 98-99% of the hook- 
worns harbored. Chenopodium, infiivided doses of 3 oc is usually 
given, preceded emi followed by a heavy saline purge. All stools 
are saved for a period of 48 hours, end worms are picked out, 
counted and classified. The worm count method has a disadvantage 
in that only small groups of people can be examined. To be ef- 
fective the group must be representative, and great care must be 
taken in the choice of individuals, so that a true cross section 
of the community may be obtained. Young children carmot be in 
eluded because of the vigorous nature of the treatment, but this 
is not © serious source of error since we have already shown that 
hookworm infection is seldom a serious factor in the lives of the 


old or very young." 


em —_ 2 
a ee 2 - 

i’ oe = , 
“7 » wv = a . 


te 


— a 


a a ee 


— 


; ‘rs 
, = Lo ; < 
= \ = - b- = | 
7 ae ) Pa i " 
—" we te =. = 
ie 2 ee a 
a ae get 


a 
oa 


ie tah ae ak ed BD Be Mt Sm | 
ied vie aie aan haope uae 
tae ade bc oo Seo Yo eno Utne an ald a a 

ms os it metia diame fe ei tent 
mltom one ce 0 tt on Rtmntaat wo maf aft fn ee 
eet Sain ae 


be 


There cen be no question that this method is the most 
accurate now availeble for the determination of the infeste- 
tion of individual patients, especially in those cases in which 
the drastic treatment is not contraindicated by concomitant 
pathological conditions. Darling and Smillie have elso shown 
that it can be used more safely end with quite acourete results 
with smaller doses of the anthelmintic. 

The following disadvantages are inherent in the method: 

1. The menberas of persons who can be examined at a 
reasonable cost in eny preliminary survey is so small thet it 
is extremely difficult to obtain a semple which will fairly 
represent the population of any lerge comnmity. 

2. Certein classes of people are automatically eliminated 
from consideration in the sample because of the impossibility of 
obteining cooperation in the careful saving of stools. 

3. Even these who consent to cooperate require the most 
rigid supervision by responsible officers. The technique is best 
eerried ovt in ea jeil with each patient locked in a separate cell 
but this condition is not compatible with true sampling of the 
population. 

4 All errors of this method except those due to sampling 
are in the same direction. Failure to collect all of the stools 
for the required time, failure of the anthelninthic to act with 
full efficiency, contraindication of the full dose of anthelmintic, 
carelessness of assistants in the preliminery washing of the stools, 
all tend to give less than the true number of worms. 
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5. The relative costs of various methods of survey cannot 
be direetly compared but it is evident thet this method is very ex- 
pensive. 

In discussing methods for preliminary hookworm surveys of 
new fields, Smillie (1922 a) says, “In making dhookworm survey of 
a new field the fact thet interests us most is not the per cent of 
individuals infected with hookworms, but the pereent of individuals 
who have hookworm disease. This information ean be determined 
most accurately by the worm count method; that is, by treating 
eonsidereble mmbers of people end counting their worms. The 
worm count method is a tedious and difficult process, however, and 
cannct be adopted as a routine procedure.” 

To be practicable for general use, a test mist be simple, 
so that « considerable part of the routine work can be performed 
by subordinates, It must be capable of application to a fair 
semple of the population with a reasonable expenditure of time 
evi money. It must be conducted in such a manmer as to set no 
precedents thet will interfere with ea subsequent control campairn. 
The worm count method meets the first of these conditions but pre- 
sents weelmess in the other two. It is very expensive and tine 
consuming in proportion to the number of people exemined. The 
radical treatment used in the early surveys tends to prejudice 
the people arainst the remedy, even if there are no accidents. 

As frequently carried out, the worm count method involves the 
payment of petients for their services. This precedent, used among 
primitive people, produces a serious obstacle to subsequent treatments 
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The Use of Stoll's Egg Counting Method. 
in view of the difficulties involved in the use of the 


worm counting method an attempt was made in Porto Rico to deter- 
mine whether the method devised by Stoll (1925 a and 1923 b) for 
counting parasites’ egrs in feces could be used to measure the 
human infestation factor in population groups. In considering 
the possibilities of the use of this method in field studies it 


should be kept in mind thst it is just as importent to mow the 
numbers of eges which are being deposited on the soil by _ hookworm 


infested individuels as it is to know the numbers of worms present, 
since this information will form the basis for studies of the dis-e 


semination of the parasites end for planning control measures. 

In our Porto Rican studies, therefore, the ezz eount ing 
method of Stoll was used in connection with epidemiologic in- 
vestigations of hookworm disease in five sreas. 

Four of these areas were in the vallgy of which Utuado 
is the chief town end were chosen to include as many as possible 
of the veriations in environment end living conditions which were 
to be found in the rural portion of the valley. The other erea 
was about 30 miles away ani was chosen to study the effect of a 
routine campaign of treatment on the factors under investication. 
The present paper will deal with the results obtained by the 
egg counting method in these areas. The rest of the date from 
these researches will be considered in lester mmbers of thie 


series. 


Saab tte eon ech 6s? ‘Revtornt 


sah een sachin en vin eh tne, a . 
snerniiens Lomheee gedimnet vt cdetnaiaheiihe catecmndl a 
pb maton se ae coat yeattte RE CM coco aes 
tate i mt So a ae 
Sa a tm ence tale a sia 


seins ot abo 6 tn wn tt i sak 


-8- 


In each of these areas a census was taken and an effort 
was made to examine every person. This effort was so successful 
that the few persons who did not submit specimens may be left out 
of ecommt. Each person reesived a two-ounee ointment box with a 
label on the cover 6@ serve as a container for the fecal specimen. 
Due precautions were taken to prevent the mixing of the containers 
in lerge families of Alliterates by issuing two or three at a time 
and by collection a few hours leter. The containers were broucit 
to the central office on the day of coblection and on the sane or 
the following day the mmber of ove per gram of feces was est inated 
as follows: 

Fach specimen was given a mmber corresponding with the 
ease number of the patient. Two large test tubes were given the 
seme number. Into each test tube there was placed three grams of 
feces weighed from the container by differsnee. One-tenth normal 
sodium hydroxide was added to make a volume of 45 co. and a few 
glese beads were dropped in. ‘Then the tube was closed with a rubber 
stopper and vigorously shaken wmtil the material was well comminuted. 
The weighing and shaking were usually done by well trained technical 
assistants, but no counting was entrusted to subordinates, After . 
sheking, the tube was not allowed to remain staticnary for more than 
a few seconds before the portion to be examined was removed. A sample, 
0.15 ce., of the thoroughly mixed suspension was pleced on a micro~ 
scopic slide and covered with a large cover gless (22 = 40 m_.). All 
of the suspension under the cover class wes carefuliy examined under 
a 16 mn. objective and all of the hookworm egcs were counted. The 
results gave the mumber of eggs in 0,01 grams of the specimen. ‘The 
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duplicate suspensions, which were mde fram each specimen, 
were counted by different observers and the average accepted 
as the true value. The accuracy of these counts has already 
been discussed by Stoll (1925 ea end 1923 b). 


Description of the communities studied by the eps 


counting method. 
The areas which were included in this study were desig- 


neted as A, B, C, D, and EB. In addition to the counts on these 
five areas, the series of egg counts presented in this paper in- 
cludes courts made in aree C after a treatment campaign and 40 
counts from miscellaneous cases from around Utuado. Before pre- 
senting the analysis of these deta it will be neeossary to briefly 
@eduribs the areas. 

Avea A. This area was ® part of small village located 
near the coast. The inhabitents were leborers on a nearby suger 
estete, small fermers end beggers. ith one exeeption all the 
houses included in this aree were provided with latrines. The 
people who lived at this house claimed thet they used the latrine 
Shite tne bat ean These latrines were quite conerally used. 
There were, however, several important foci of soil pollution and 
soil infestation and some scettered pollution. These latrines had 
all been installed in connection with the sanitery campaicn conducted 
one year before our study. rior to that time none of these houses 
had latrine provision, This area had been very slightly influenced 
by treatment. Of the 40 people on whom egg counts were made none had 
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beon treated within five years and oly a fow reported that they 
had been treated six to ten years before. The census of tho 
nine hanes considered we 41, the number on whom egg counts were 
made wes 40. Of those, 36 wore positive with an avorago ogg 
output of 4,060 por gramme 

Area 5. ‘This area we incated near Utuade in close 
proxinity to the formor “Anewia ilespitel.” It had beon under 
the influenss of the troatuent activities which had been carried 
on in Utuado from 1904 to the present. About 20) of the people 
reported that they had reecived a recent couree of hoolarorm 
treatment, iceoe, within three years, and the mijority reperted 
Sach heer band, bons, wrested, Although no systematic eanitary 
campaign had been carried on, more than Imlf the houses had 
latrines. At the other houses soli pollution was provalont. 
The consus of this aren gave 119 names. Of these 111 were 
examined, 88 boing fumd positive. The egg comt gave an evorage 
of 1,050 hoolavorm eges per gran. 

Arca 0, ‘his area which was about ten miles from Utundo 
consisted of a closely packed group of houses on a sugar and coffeo 
estate. The people were laborors on the estate and om nearby farus. 


Nearly all the men and many of the women worked in tho eoffes dur- 


A 
ing the picking season. Thors had been little influence of any 
treatment campaign although: sovere cases of anemia were sanctines 
taken to a dispensary several miles away for treatment. tot a single 


individual in our consus had been treated within three years, and only 
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@ small member reported any previous treatwont. There ms a 
great deal of severo clinical hookworm disease, and mach anonta 
as sham by haawaglabin estimates. ‘Thore was no pratense of 
sanitation, only one house heving a letrino in use, and soil 
pollution end soil infestation of the grossest kind were prevalent 
in banana chumps, and portions of coffee vane fiolds adjacent 
to tho arom. ‘jo consis frakkhis aron grea 95 Lewa, of watwh 92 
wore oxasined with 88 positives. ‘The hoolarerm egg count gave an 
avorage egg outpui of 7,740 por grame 

Area 0 efter troatment. In this area a campaign of troat~ 
ment was instituted and egg coumts wore ande two weeks after tho 
lest treatnent. The treatment was with oli of chenopodium on 
the basis of 165 ccs for a strong adult and corresponding doses 
for children. Tix'es treatwenta, one woek apart were given te all 
pationts available for thea. Tho mmber oxanined after treataont 
was 69. Of those 42 were still positive with an average egg count 
of 630 hockvorm eggs per grate 

Area, De This aroa consisted of the houses on a typical 
seffoo estate. Tho poople om this estate had been Influenced by 
a ee DO ee a Se a 
had received troatment ae in aroa B. About 16% of the people of this 
anoa had received hoolavorm treatment within a three year period and 
a total of about 26% reported that they had at ean tine roceived 
treatuent. Of tho twenty-one houses included in this avea ten had 
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latrines. At all the others and at a few of those provided 
with latrines there wae soil pollution near the houses, and 
at somo of thom both eail pollution and soil infestation were 
vory grosse ‘The census from this area was 100. Of these 06 
wore onwilned, with SG positives and an average eg; oubpit por 
gran of 1840 hockworm oggse 

igre: Br sence siete pile somal yhgrenyen trey 
a coffee estate at some distance fro wut in the same gonoral 
type of environment, ee-arewsy This aren had Deon influonced 
less than Arosa PD by hoskvorm comtrel work both in treatment 
ond sanitation. About 9% of the poople exuninod in this area 
reported that they had been trakbed within three years and 
about 25% reported previous treatments sons, however, dating 
back as fay as 2 yours. Sanitation in Area 4 was much poorer 
than in area f) or Aroa By since only five cut of the sevonteon 
houses had latrines and at only one house were there no sisns 
of soil poliutione Tw censvs frou this arca was 93. Of these 
83 were examined with 76 positives and an average eg: output of 
2530 por grits j 

Misesllaneous cnses. ‘There are aise included in these 
studios the egg count data from certain cases who roported at 
the contral office for medical advice. ‘These enses wore all in- 
habitants of the gonoral rosion studied, tit wore not from any of 
the special areas. A fow wore clinical eases of hoisvorm disease 
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but the nguity showed no charactoristics which would differ- 
entiate them from the general population of the region. ‘The 
mumber of such cases examined une 40 of which all were positive 
with an average egg output of 5800 ogms per gran. 

dnsiyais of date cesoréing so age and so 

It hes soemd worth while first to analyse the total data 
obtained fran the egg counts in Porte Rice, exeept, of course, tho 
camts mde after trontment in Aron @, with relation to the egg 
eutput in the various age groups and according to sex. in cam- 
paring tho analysis so obtained with similar amiyses unde else- 
whore it should be renexbered that infestations in any particular 
Place aro modified by local conditions and particular habits of 
the people. ‘ie must therePore be extremely cautious in drawing 
gonevalizetions from any particular set of data. Ge peculiarity 
of cur Porte Rican areas is that excopt in Area 0, a vonsidersbie 
influence had been exerted both by troataenta and sanitary work, 
so that the data represent « modification fran the original oondi- 
tion. For this iaditeliiataadia cunnestions Area C, which vas practi- 
oaliy, influenced by control work, will bo considered separately 
and compared with the other arens. 

Table I and figure I show the date arranged according to 
the output of oes in ten yoar age groups and acoording to sox. 
Tt will bo s.on from the curves that during young adult Life there 
is a slightly greater output in mies than in fomles, and that 
this difference is quite significant between twenty-five and forty- 
five, although in later yonrs tho fomnles surpass the mics. It 


Paap i, 


ns ida £2 cng ewteonthtoen p een bab a ta 


be ey he 


wee 03 gatinieges ¢ ae rd si 7 ni 0 ot mao | te am af : 

rhea itt ones ‘disks. tie Spe sa PPR nee, | 
tact fires «mesa ek 109 obi ra 3 + | reece 

arSlee ees cuti-ghtone amen. irene vata ah a es69 
Mi “seabed writ pede velzewt eae erie, wah aS tsa : 


Fi vt 


Table I. 


Begg output of Porto Rican Cases by age and sexe 


Age TS 
group 


10 -19 


Total 


No of 
persons 
examined 


Males 


Mean egg 


output per persons 
examined grain of 


graiag of 
feces 
1200 
3640 
3870 
4780 
3220 
6180 
3220 


18 
225 


Females 


No. of Mean egg 


output per 


NOs of 
persons 
examined 


136 
106 
82 
57 
39 
36 


456 


Total 
Mean egg 
output per 
erat of 
fecos 
1020 
3870 
3460 
3660 
$900 
8090 


3250 


olt- 


is ai tebe Ge Wate ennunciics 0h Wiaiaine er date ent thet 
the curve for Area © soparntoly. It will be seen that in Aroa 
© the ogs output of the fomles is greater than that of the 
males (Figs 2) while in tho other arens (Tig. 3) tho miles have 
the highest averages in alsost «31 age groups. The curves for 
the age groups are charsctorised by a rapid rise to avout 19 
yoars, a pinteau extending to about 45 yoere and o sharp vise 
in tho older groups. . 

A couparison of cur data with the Bragilian onsoa of 
Smillie (1922 @) tn regard to age and sex digtribution gives 
some interosting informaticn. The tvo sote af date give moh 
the samo pictuve of the acquisition of tho heglororn infestation 
in the early yall oP Lifes if in the Porte Rican series the 
— es a a ee 
had had ne treatment within three years, be taken as the ex- 
pected output of adults, tho incroase in orbput of children with 
incroasing age may be studied. Thore wore in sil the areas 265 
persons in age groups of 15 yoars or more. Thirty-tro of these 
had had treatment within 3 years. ‘The remeining 233 vntrosted 
cases had an average ege outjart of 4840 eges per sram of feces. 
Tho age groups of children with the averace em: sutmrt of each 
group and the ratio of this output to the averace adult output 
is shom in Table II. This shows a gradual rise in the egg cut- 
put during the second to the eighth years and a very marked ine 
crease occurring between the eiguth and cloventh years with the 
avorago output very nearly to that of tho average adult by tho 
completion of the fifteenth yoars 
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Table IIe Comparison of egg output of childron of Porto Rican areas 
with average egg output of adults. Similar comparison of hookworms 


harbered by children and adults of the Brazilian cases given by Smillie. 


Perto Rice Cases brazil Cases id ; 


Number of Average x. of tnneber of Average 
Individuals Bs¢g Adult Individuals umber of Average noe 
Catput output hookworms harbored by 
- aduitse. 
21 1.2 225 
31 6.8 14.0 6 0.5 003 
40 11.5 24.0 19 18.4 10.5 
29 12.9 26-7 32 42.8 28.8 
23 3525 733.35 36 117.4 78.9 
22 27.0 55.8 49 149. 100.0 
14 45.7 94.4 79 159.4 lof.l 
180 221 


~ 
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Statler date have heen ebbnined in regard te the increase 
in the number of hocsvorms harbored by Brasilian children fren 
Gmillie's studies (Smillie 1922, a). The evorage nunber of worns 
harbored by 314 omses of 16 yoars or older was 148.8. Tho avorage 
wurber of hookworns harbored by menbere of the different age groups 
ang their ratio to ths sverags musver\eA adults ie givon in Ueblo Il. 
Figure IV shovs graphically the date from Table Ii. ‘The acquisition 
of heelworms is apparently besum later in the areas studied in brasil 
but once begun the parasites are acquired more rapidly. Om the 
wholo, hovover, the tra curves are cosmrable and harmonizo quito 
as well as could bo expected of date cbteined fran different countrics, 
in groups with different ages distributions and by difforent tech- 
niques. 

A further coupariaen of the date fron the Bragilian cases 
with the Porte Rican cases shows certain simificant differences 
in age and sex distribution. 

if Mgure I be eonpared with figure ¥, which represents a 
sumary of worm seunts on 562 oases 4p Brasil” (sutlito, 1922 2), 
it will be seen st once that there must have been considerable 
difference in the forces opernting to mintain the infeétion throuch 
life. Im gach thore is the initial rise in early life which has al- 
ready boon noted. In the Uresilian eases the worm index in males 
rose mich higher than that of the fomales. While each tended to 
show a plateau through middle life, the values represented by those 
Plateaux wore far apart. In the Porte Rican cnees the difference 
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Figure IV. Comparison of the Porto Rican cases with Smillie's 
Brazilian cases with regard to the degree of hookworm infestation in 


the early years of life. 


Figure ¥. Smillie's Brazilian cases (Smillie, 1922a, p. 7; 


Yhart 1) showing hookworm infestation in relation to age and sex. 
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athens thn Ugh Gintpes of wihite ‘wid Reiliied tn WLAMis TAO wis 
not noorly so great and wae not conetbant. I: Area 0 the out- 
put of tho fomies of these groups wae larger than timt of tho 
males. In the othor aroas tho ortyput of fomalos was loss thon 
that of the malos. 

Tn the cages sSadied in Dresil thore ws evidence that 
infection coased or was greatly reduced at the ond of tho active 
period of Lifo of the agricultural Ishoror or at about 45 yoars, 
for from this time the musber of worms decreased. ‘This was not 
true of the ose cutyrt of the olticr age grouvs in “orto Rico. 
Thero was « smried incrvase in og¢ atm in later life. 

The explanation of the difference between the brasilian 
and the Porte Rican vesults is probably to be found in differ. 
ences in the tnbite of the peuple. Smhilio’s interpretation of 
his rosuits indiontes that ths chief source of infection tn tho 
Brazilian areas which he studied is axorement deposited in the 
fielde. All the evidence collected in Porto Rico tends to shor 
that infested spots near the hones are at least es important 
as aro spots in the field. Rogularly visited spots of eoil 
poliution wore found at distances varying fron twenty ymrds to 
ono Iamdred yar’s fro: the houses. Tho places chosen were ob- 
scoured fro public viow by banana plonts, coffec, cane, or other 
vopotations They were often on very steop hillsides and they wore 
visited only for purposes of defecation and for work in connection 
with tho cultivation of tho field in which thoy were located. ‘The 
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evidenco showed that those spots wore visited by adults and tho 
older childron. Children yamgor than six or oigit yoars apparont- 
ly had no definite places for defecation and wore not accustemd 
to go more than a few yards from the housm for that purposes It 
ig probable that this habit accounts for the gradual rise in ogg 
output of the younger children of these areas shovim in Pigure IV 
and that the steeper rise in the yours eight te eleven is due 
quite as auch to visiting polluted spots near the houses ae it 
is to working in the fields. Field work by children under trelve 
was not a conspicuous feature in Porte Rican industrial conditions. 
Conpulsory oducation keeps these children in school during nine 
wenths of euch yours 

fhe difference between males and femles in the Porte 
Rican series cannot be explained solely on the bagis of thw field 
work of the males, for the field work is gonorally shared by beth 
sexes during the coi'fee picking seagon when ground itch is most 
prevalent. It must be explained in part by the greater modesty 
of a consideruble part of the female population in the yomg adult 
age groups who avoid frequent visiting of the spots ef pollvtio 
by the use of bed-romm utensils. Thoy are also legs likely than 
the mon to retain on Shoir Zeot the ud which ta a 

adheres, the 

fosted spots. ‘The greater infestation of fomles than of malos 
in Area ° is probably duo to tho great poverty of tho comunity, 
lack of utensils, heavy infestation of population and of the soil. 
The wosen of this arca probably visited tho infested spots more 
frequently than the mon and wero observed to be careless in thoir 
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habits of cleanlinoss. In this case it apponrs that the men 
were actually saved fren a certain amomt of infestation by 
tholr abeonce im tho ficlds.during tho greater part of the day. 
The Brazilian cases showed » reduction in worm index in tho 

later yoars of Life and it is stated that they nay be anitted fron 
consideration withect aerioue orrer (Smillde, 1922, b, pe BW). 
This goneralisabion does not held vor the mees emmmined in Porto 
Ries for the egg outart showed 2 distinct vise in tho older poople.e 
The apparent rongen for this increase is thot theac people no 
longer work in t2s field and aro breught in cleser and moro fre- 
quent daily contest with the concentrated foci of soll infestation 
around the houses. Ashford’s and Gutiorrex's '(1911) deseriptic of 
the gradunl incrsase in infestation of the persone sick with hook- 
Worn disease my well bo applied te thease old poopie, “Ye belicve 
tmt wo should ouphasize tho fict tiwt it is wmually in the in- 
mediante vicinity of hie ham, and even eonetines when the floor is 
of oarth, inside the tnt that the jitare is infected. i defecatos 
en 91 montecito’, or an wo should say, ‘in the tushes," and this 
noarteeito hac becoss a synonym for privy. ring to woalmoss duo 
to the disonse itself or to indolence, his excursions to the 
montocite become shorter and shorter and roguit in a general 
pollution, by himsel? und his fesily, of a considerable area 
araund his heme" 

A Cocparigon of the Sex Output in the differont aroas oxaminod. 

The individuel areas may be colmered by sopmretinc sach into 
arbitrary groups according to og; output. Tho Limits of outp t 
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of tho groups selected are as follows: 

le Porsons found nogative. A more oritical tecimique might 
have shown « small output by somo of these casos. 

2. Cutput of 1-699 ogzs por gram of focos. 


a * " 600-2099 oges por gram of feces. 
4 " “ 2100-6099 " ”* 

.° aaa 
6. Wore than 11,1400 " " 5» * * 


Study of the distribution of the paiients into these groups 

- shown in Tablo ITZ and figure VI gives an idea of the relative 
infestation of the arcas. it is obvious fran the inspection of 
the table and the bar diagrans that very little information is 
obteined by conparing these areas on the basis of the percontages 
of positives and negativese While these porcortagos agree in a 
general way with the othor data presented the variation is not 
sufficient to make a striking comparison. Tho porcontage of 
positives varies from 79.3 in area B to 95.7 in aren Cc. if, 
however, wo arrange these positives in arbitrary groups accordin; 
to ogg cutput ve note at onco that there is a wide variation in 
the groupitg. In aroa B, with only 20.7 % of nogativo cases thore 
are nevertheless 77% which showed an output of less than 600 ogss 
per gram of focos. In area © only 21.7% of the persons omamined 
were in this groupe Aroas A and PD had practically the same per- 
centage of nogatives, 10 and 10.4 respoctively, but in aron A oly 
20 had an cutput of loss than 600 egss por gram of foces while in 
Area D 47.9), had an output within these linite. 
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Table WII 


Comparison of Egg output of Porto Rican Cases by Arenas. 


ee ee ne a ee ee 


Apea A Area B frea C Area D 


Egg output per 
gran of feces Ho. of Per Wo. of Per No, of Per Wo, of Per 
Persons Cent Persons Cent FPrersons Cent fersons Cent 


mee eee ee ee Se ee 8 ee ee 


ee 


ra) 4 10.0 25 20.7 4 4.3 10 »=:10.4 
4 1 - 599 é 10.0 62 45.9 16 ili 360 «87.5 
600 - 2099 12 30.9 22 19.8 16 16.3 25 © 24.0 
2100 - 5099 10 25,0 9 Bel 23 26.0 Ae 
6100 -11099 5 12.5 5 4.5 18 19.6 9 9o4 
More than 
11,100 6 12.5 1 0.9 16 174 1 1.0 
Totals 40 111 92 26 
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Per 
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1% is probably moro useful to select an arbitrary og: 
output which can be regarded as being undoubtedly sipmificant 
in dissemination of the parasites if the foces are deposited 
on the soil, or if we choose to think in torms of mes infesta- 
tiong indicates a sigmificant mmber of worm in tho individual 
caso, and compare the areas by tho peroortage of porsons falling 
in this group. If we choose 2100 wags per gram aa an arbitrary 
munber which mist be significant, the percentages in the group 
with an output in exeess of this amount are shown in tho dinon- 
sion lines on figure VI. It will be shown later that the mini- 
mz oge output in this group probably indicates a worm index of 
between GO and 140. The percentages in this group in increasing 
order are: Aroa B, 1553; Avoa i, 26.5; Arca D, 26.1; Area A, 650; 
Area C, 62.0. 

These figures are in harmony with the known conditions 
existing in the aroas which wore discussed in the doseription 
of the arcas. Aroa 8 had long been influenced by a nearby dis- 
pensary. Areas ) and § were similarly influenced byt mich less 
strongly. Aron A hed had no treatment but natural conditions 
were not so favorable to the spread of hoolworme as in the 
mounteing. dren © head had no treatment of importance, no sani- 
tation, and nature had provided exeellent conditions for the 
survival of the hosisvorm larvae. in comparing those areas it 
Will be soon that the factor which seoms to be of the groatest 
significance in influencing the dogree of infestation wae the 
enownt of previaus treatzont. 
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Aroa UO. 


After the egg counts on area © were completed a campaim of 
troatwont was instituted to determine the effect of the mass 
troatmont technique on the egg outpuc. Sixtyenine cases were 
oxauined two weeke or more after the inst treatment and the 
average ogg; output was 650 per gram of feces. The average ogg 
output before treatment was 7740 so the percentage reduction 
in egg output was 91.9. 

This is somewhat lower than the reduction in the worm index 
of 95-95); anticipated by Darling and Smillie fran the use of thoir 
tecimique but the difference was probably due to the follwing 
factors: 

1. The area was extraordinarily heavily infested and it is 
woll imom that hoavy infestations are not removed so readily 
as light onose 

2 There were a muber of heavily infosted individuals who 
were clinically 111 and were wable to undege treatment by the 
standard tecimiquee This applies also to the heavy infestations 
Which occurred in children and old people. 

Se Not ali of the patients took three treatments, saw because 
of reluctance, somo because it wns nocessary to discontime troat- 
ment on medical grounds. le-ommminations wre made rogardicse of 
whother one, two or threo treatments had been taken. ‘hese con- 
siderations make it seem certain that the ogg counts after treatmont 
in area C wore really an avourate nogsuro of the reduction in worn 
index. The reduction in specific ago groups is shown in Table IV 
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and Figure VIT and in tho bar diagrans of Pig. VI the distritn- 
tion of the pationts according to ere output is compared with 
tho distribution before treatment. 

Gwaluation of Information Obtained by oe counts. 

The data given above show that the ostimtion ef the egg output 
has domonstrated differoncos in the various groups which are in 
harmony with eee ‘Feached from study of ' thoir history, 
habits, and sanitation. “Tho study of Aroa ¢ bofore and after a 
treatmont cemiga showod atfferences in ege outpab which are within 
the anticipated range. Thorefore it appears that the application 
of this mothod te @ commnsty gives us averages which are valid 
noasures of tho votant il @igsamination of che parasites. ‘this 
is tho essential Spain romtired for the guidance of control 
MOASUIOSe . 

If the worm index is desired, it is highly prebeble that further 
exporionce with this net od will give it with suffioiort eceuracy 
for routine warke Ye has boen shom by Stoll (192m) that in 
cases studied by him in Porto Rico, the eg, output bore a definite 
relationship to the mmbor of fomle worms harbored. The ratio 
varied with the concentration of the focal material, fran about 
4 eggs por grem por fommle worm in formed stools to 12 eggs per 
gran per fomle worm in diarrhoeiec stools. Those ratios were shom 
to be vory close to ostimates made by oarlivr writers on tho subject. 
Gmillie (1922, b, pe 85) has shown in a careful study of 279 cases 
in Brazil thet the mmbors of mie and fomle worms ure approximately 
equale Therefore A es aeciy see sei nth Scidlin Widins 
harbored can be determined the totda mumbor of worms will be nom 


enon sts tin. 9 cl te teste ine sabe lina 
wh alt (UEOS) GRR “BR anos sid sel a teas erties 
Rok 2 68 See Se Mir eeu aA I wg 


Sigel sot elon Si enemas ae die bets ipo een 
ep age Bs o9 feat Seeno' rd maw SNe Ny rey oe agg A ae ; 
eG Rte Oey Re calvete Miocene MO ok ny me : 


caches iu statin poutine a oer wOteeES oF goes yrew wed 
mec De ines ce 0? ec eR Aa 


Bld 


-23= 


within reasonable limits. Further studies are needed to determine 
whether these ratios hold in other cowmtries ani wid er conditions 
other then those which existed in Porto Rico. The application of 
these ratios to the date from our arenas gives worm indices which 
are in agreement with previous worm counts made in Porto Rico, 

The number of worms in Stoll's oases can be estimated es 
between 0,04 and 0.07 times the number of eges pr gram for formed 
and for very soft feces respectively. The factor for diarrhoeic 
feces need not be considered. If these factors be applied to the 
deta from our cases we obtain measures of the probable high and 
low limits of the wrm index of the groups. 


Reduction of egg output to probable worm index by areas. 


Group Eggs per Gram Low limit of Worm Index High Limit of Worm Index 


Arern A 4060 162 264 
Area 3B 1050 42 74 
Area C 7T40 310 542 
Area D 1640 73 129 
Area FE 2550 101 177 
‘trectnent. 630 26 “ 
Heaviest case 120500 4620 | 


*This specimen was desiccated so the factor for formed 


feces is the one which applies. 
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Reduction of egg output to probable worm index in groups in Table VI. 


Eges per Gran Low limit of Worm Index High Limit of Vorm Indes 


600 24 35 
2100 84 147 
5100 204 357 

11100 444 777 


Since in Porto Rico any group of stools exemined contained 
both formed and soft types, the sorrset factor to be used in obteine 
ing the worm index from our eg¢ count. would lie somewhere betwoen 
the two extremes of 0,04 end 0,07, 

Yiorm counts made on seventy cases in another mountain 
district of Porto Rico in 1906 by Ashford, Gut% rrez and King 
(1911) showed from 73 to 3493 hoolkworms with an average of 1027. 
Theee, however, were clinical cases confined in the hospital for 
treatment. in the series of ten ceases in which worm counts were 
made by Stoll the numbers found wore from 37 to 1134, average 470. 
Worm indices determined from egg output ean only be accepted with 
saution until further studies are made to determine the variation 
in the conversion factors under different conditions of climate, 
race, diet, and distribution of the two chief species of hookworm, 
NM. emericenus, ar A. ducdenaie. 

Even if it should be found that the veriations are too 
great to eldew conversion of egg output into worm index, still the 
egg, output will remain the measure of the concentration of the in~ 


fectious material or of the potential spread of the disease, 
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Men who have had experience in hookworm field work 
have noted meny eases in which the difficulty of finding hook- 
worm eggs by the usuel technique was out of proportion to the 
clinical severity of the onse. From this ground they argue 
that the output of eggs is so variable thet it eannct be used 
as @ measure of infestation. It has been showm of some of the 
previous methods of estimating the number of ove thet they 
feiled when used for comparing individual eases. The mirvose 
of a survey is not the comparison of individuals but the con 
parison of commmities and the results of the present study 
indicate thet in such a survey the individud variations disappear 
in the averaces. An error which is sometimes made is the assumption 
that e certain number of parasites should mean @ certain train of 
symptoms. This is far from being the case as has been shown by 
many writers, notably by Darling, Barber end Hacker in their work 
in the East, where they found that “Individual eases of infection 
eould not be proyerly compared on account of the unknown factor 
of individual resistance or perfection of defense. But when all 
the cases were bulked and everaged it was observed that there was 
some correlation between degrees of ansemia and nuabers of worms." 


Discussion of Practical Details of theAApp licet ion 
of the Egg Count Method tn Surveys. 


The possibility of using the egg count method in pra iminery 


surveys seems to us to be a very important application. The extent 
of a survey is usually limited by duration and sost. The use of 
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the ege count method in a survey should require very little ex- 
penditure in excess of that required for the usuel survey by 
positives and negatives except the salaries of additional tech- 
nicel essistants. Two assistants ere frequently employed in the 
usual survey and it is suggested thet five be employed bo carry 
out the egg count method. This allows for a sup rvising technician, 
three microscopidts, and an assistant. It is estimated that such 
a start could make ecourate counts on about fifty specimens a day, 
duplicate counts being made of esch specimen, It would be neces- 
sery for the medical officer to give careful training and thorough 
supervision to his technical staff. Previous experience has 
demonstrated that the applicetion of certain simple administrative 
procedures in handling e carefully chosen native tevhnical staff 
will usually get reliable results. if we allow one month fer 
training, 2 three months’ survey would ensble the examination of 
et least two thousand specimens. If a trained staff could be 
moved from one survey to another the number of syecimens which 
@ould be handled in each survey would be greatly increased. It 
will be seen thet the speed here estimated is not so creet as that 
given by the positive end negetive method, in which twe thousand 
specimens ere often exemined in a two months' survey with only two 
microscopists. It is our opinion that the additional information 
gained by the ege count method will be of suffinient use in the 
appldextion of controi measures to justify the increased cost. 

It must be understood thet it is not intended thet the ecg 


counting shal 1 supplant any part of the work of a survey except the 
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microscopical technique which is now used. It micht even be 
desirable to retain the older teohnique for use on specimens 
found negative by the egr counting method, since the latter has 
not yet been demonstrated to be os critical ac the centrifugs- 
tion or the flotation technique in the detection of light in- 
festetions. 

It is significant to note here that Dr. R, 3. Hill 
has rscently made a series of human infestation studies in 
Porto Rico in which he treined his regular microscopical steff 
to make the egg counts. His results are in essential agreement 
with those just siven end illustrete the feasibility of utilizing 
native microscopists in making surveys by this method, Dr. Hill's 
results will be published in the next number of this series. 

We wish here to meke acknowledgement to Dr. R. 3. Hill 
for his help in collecting specimens and data from Ares A and 
to Mr. N. R. Stoll for his aid in adapting the egg counting 
method to the conditions of the study. Thea ks are alsa due to 
Mr, De Le Augustine and Dr. Florence K. Payne for help and sug- 
gestions during the course of this investigation. 
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Semary 
l. A quantitative ostimate of the human infestation factor and 
the potential dissemination of the perasite is important in 
understanding the aetislogy of hookworm disease, 
2. The Larling worm count method, while giving an accurate determin- 
ation of the degree of human infestation in individual cases ig 
difficult to apply as a routine procedur«. 
3. The egg count method devised by Stoll to determine the nunber 
ef peresite egcs present in a given quantity of feces was used in 
Porto Rico to determine the output of hockworm eggs from several 
population groupse 
4. Since the knowledge of the output of hookworm eggs of any 
given population group gives a measure of the potential dissemina- 
tion of the parasite, this informetion, as cbtained by egg counts, 
is of importance in planning control measures. 
5. Im addition, the egg counts of the groups studied gave ini'orme- 
tion relating to the degree of infestation which agreed closely 
with all other dete evailable, and, we believe, was a true picture 
of the mass infestations 
6. The date showed that the males had a considerably greater average 
ecg output from age a Ss rg although in the most 


heavily infested area the females wers higher. 
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4fference in the age groups, but after 50 years there was a 
distinct . 

8. The ibester of the egg output in the different age groups 

and in the males eni females ean be correlated with the habits 

of the people in relation to the visiting of important centers 

of soil pollution and soil infestation near their houses. 

G. The differences in the egg output of the five areas studied 
agreed with what was known of the conditions in these arees and 
wes definitely correlated with the amount of previous treatment 
and sanitation. 

10. In area C, the most heavily infested of the five areas, veggr 
counts sere made before and after treatment, awi showed a reduction 
of 91.8% in the egr output after treatment. 

ll. The attempt to express the egg output in terms of the nuuber 
of vorms present, by using a factor workedouwt by Stoll on test 
eases in Porto Rico, geve figures in essential acreenbnt with ai 
availeble information. 

12. The suggestion is made thet the egg wounsing method be made 

@ reguler pert of the routine procedure in surveys mede before the 
introduct on of control measures or for the evaluation of such 


measures. 
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Table IV. 


Egg output in Arad before and efter treatment, 


oo a a me ene 8 ee ey ae 2 ere een een 


Before treatment After treatment 
et ew Number of persons Mean egg Number of persons ean egg output 
examined output per examined per gram of 
grem of feces feces 
O-9 26 2450 22 170 
10-19 25 8500 i7 1Z00 
20-29 Pe 10700 10 380 
$0239 12 8830 9 260 
40-49 6 6550 6 90 
534- 7 19840 6 2100 
Totels 86 69 
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